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REMARKS 

Amendment to the Specification 

The specification has been amended to include the SEQ ID NO corresponding to Figure 1. 
No new matter has been added. 

Claim Amendments 

Claim 16 has been amended to recite "treat" instead of "treat or prevent/' Claim 16 has also 
been amended to include the recitation of claims 17 and 20 and claims 17 and 20 have been 
subsequently deleted. 

Claims 24, 26 and 28 have been amended to correct typographical errors. The dependencies 
of claims 21 , 23, 25, 27 and 29-32 have been amended. 

Claims 34-39 have been added, and are directed to methods of inhibiting the catalytic, 
activity of Sap- 1 and of inhibiting the activation of or deactivating c-sre. Support for the 
amendment can be found, for example, at page 1 3, lines 1 3-29, page 14, lines 15-18, and in the 
examples. 

No new matter has been added. 
Objection to the Specification 

The specification is objected to for not including a SEQ ID NO in the brief description of 
Figure 1 . The specification has been amended accordingly. Withdrawal of the objection is 
requested. 

Objection to the Drawings 

Figure 2B is objected to because it allegedly cannot be read. Applicants are enclosing 
herewith a replacement sheet, in which Applicants supply the best possible form of Figure 2B. 
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Applicants note that Figure 2B is a copy of a picture of a dot-blot and not simply a line drawing, so 
that there is no way to further clarify any text appearing in the figure (the text is part of the 
photographic image). Withdrawal of the objection is respectfully requested. 

Rejection of Claims 16-33 Under 35 LLS.C. $112. First Paraeraoh (Written Description) 

Claims 16-33 are rejected under 35 U.S.C. § 1 12, first paragraph, as allegedly failing to 
comply with the written description requirement. The Examiner states "the instant specification 
does not provide sufficient written description as to the structural features of ..Sap-1 as currently 
encompassed by the claims. " The Examiner's statements, however, are irrelevant to the claimed 
invention. The claimed invention is a method to treat cancer by administering to an individual a 
cross-linking agent capable of cross-linking at least two molecules of the protein tyrosine 
phosphatase Sap-1 . Noyvhere is Sap-1 itself claimed. Instead, Applicants have provided an 
extensive number of examples of cross-linking agents capable of cross-linking Sap-1 , including 
antibodies (e.g., monoclonal antibodies, human or humanized antibodies), soluble fragments of the 
extracellular domain of Sap-1, muteins of a proteinaceous cross-linking agent, fused proteins of a 
proteinaceous cross-linking agent, functional derivatives of a proteinaceous cross-linking agent, 
active fractions of a proteinaceous cross-linking agent, and salts of a proteinaceous cross-linking 
agent. These examples of cross-linking agents support a genus, such that the claims comply with 
the written description requirement. In particular, the written description is satisfied for claims 
where the cross-linking agent is an antibody, because the specification demonstrates that it was 
known how to isolate Sap-1 from an organism and characterize Sap-1 and the general knowledge in 
the art is such that antibodies are structurally well-characterized; this is all that is required by 
Example 16 of the "Revised Interim Written Description Guidelines Training Materials". 
Reconsideration and withdrawal of the rejection are respectflilly requested. 

The Examiner has made additional comments about incorporating essential material in the 
specification; however, the Examiner has not discussed how the guidelines on essential material 
relate to the present application. Clarification is respectfully requested. 
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Rejection of Claims 1 6-33 Under 35 U.S.C S 1 12. First Paragraph (Enablement) 

Claims 16-33 are rejected under 35 U.S.C. §112, first paragraph, as allegedly failing to 
comply with the enablement requirement. 

As an initial matter, the claims have been amended to recite "treat" rather than "treat or 
prevent" to expedite prosecution. Applicants believe that this amendment fully addresses the 
Examiner's comments with respect to complete prevention of cancer. 

The bulk of the Examiner's comments concern whether the data provided in the application 
adequately support die claims. In particular, the Examiner questions the ability to extrapolate the 
cell culture data provided in the specification. Applicants are enclosing herewith a copy of "A 
monoclonal antibody against CD 148, a receptor-like tyrosine phosphatase, inhibits endothelial-cell 
growth and angiogenesis," by Takahashi et a/. (Blood, 108(4): 1234-1242 (2006) as Exhibit 
which demonstrates that a monoclonal antibody to CD 1 48, a receptor-like protein tyrosine 
phosphatase in the same family as Sap-1, inhibits angiogenesis in mice. While CD148 is not 
identical to Sap-1, the results described in the article demonstrate that a cross-linker of a receptor- 
like protein tyrosine phosphatase can be effective in an organism. Accordingly, there is evidence 
that the results presented in the specification can be extrapolated to cellular systems and even 
organisms. 

The Examiner's remaining comments primarily concern the breadth of the claims. First, the 
Examiner slates that a compound cannot treat all types of cancers. In order to expedite prosecution, 
the claims have been amended to recite u src-associated" cancers. Applicants reserve the right to 
pursue claims to other cancers in a continuing application. Second, the Examiner states that the 
claims are directed to all types of cross-linking agents. Applicants have amended the claims to 
recite a proteinaceous cross-linking agent. Applicants again refer to Exhibit A, which demonstrates 
that an antibody to a related receptor-like protein tyrosine phosphatase (RPT.P) is effective in 
inhibiting angiogenesis in a mouse because of inhibiting the activity of the RPTP. The data 
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contained in Exhibit A serve as a proof of concept of the instant invention, and show that at least 
proteinaceous cross-linking agents have activities that would be useful in treating cancer. 

In summary. Applicants have amended the claims to be directed to a method of treating 
cancer with a proteinaceous cross-linking agent for Sap- 1 . As discussed in the specification, there is 
a con-elation between Sap-1 and cancer. Moreover, Applicants are providing evidence that cross- 
linking a related protein with an antibody is effective in inhibiting angiogenesis of mice. Taken 
together, this evidence is sufficient to support the scope of the claims as amended. Reconsideration 
and withdrawal of the rejection are respectfully requested. 

Applicants note that new claims 34-39 fully comply with the enablement requirement. 
Claims 34-36 are directed to a method for inhibiting the catalytic activity of the protein tyrosine 
phosphatase Sap-1 in a cell and claims 37-39 are directed to a method for inhibiting the activation of 
or deactivating c-src in a cell. These claims are enabled based upon the data provided in the 
specification and in Exhibit A. 

Rejection of Claims 24, 26. 28 and 31-33 Under 35 U.S.C. § 1 12, Second Paragraph 

Claims 24 r 26, 28 and 31-33 are rejected under 35 U.S.C. § 1 12, second paragraph, as 
allegedly indefinite for failing to point out and distinctly claims the subject matter which applicant 
regards as the invention. 

The Examiner states that claims 24, 26 and 28 should recite "claim" instead of "claims." 
The claims have been amended accordingly. 

The Examiner states that the term "derivative" in claims 31 and 32 renders the claim vague 
and indefinite. Applicants respectfully traverse. The term "derivative" is sufficiently definite when 
read in view of the specification. The specification, at page 24, lines 1 1-24, both defines and 
provides examples of such derivatives. Briefly, the specification states that functional derivatives 
are "derivatives of proteinaceous cross-linkers and their muteins and fused proteins, which may be 
prepared from the functional groups which occur as side chains on the residues or the N- or 
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C-terminal groups, by means known in the art, and are included in the invention as long as they 
remain pharmaceutically acceptable, Le. they do not destroy the activity of the protein which is 
cross-linking Sap-1 and thereby reducing Sap-1 dephosphorylation activity." Based upon this 
disclosure, the term "derivative" is adequately definite to one of ordinary skill in the art. 
Reconsideration and withdrawal of the rejection are respectfully requested. 

CONCLUSION 

In view of the above amendments and remarks, Applicants believe the pending application is 
in condition for allowance. 

. If a fee is due with this response, please charge our Deposit Account No. 1 8-1945, from 
which the undersigned is authorized to draw, under Order No. SLII-P01 -003. 

Dated: Respectfully submitted, 

By {km 4 CUfeisy^ 
Jessd'^v. Fecker; Ph.D. 

Registration No.: 52,883 
ROPES & GRAY LLP 
One International Place 
Boston, Massachusetts 02110 
(617) 951-7000 
(617) 951-7050 (Fax) 
Attorneys/Agents For Applicant 

Attachments 
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A monoclonal antibody against CD 148, a receptor-like tyrosine phosphatase, 
inhibits endothelial-cell growth and angiogenesis 

Takamune Takahashi. Keiko Takahashi, Raymond L. Mernaugh, Nobuo Tsuboi. Hua Liu, and Thomas O. Daniel 



Angiogenesis contributes to a wide range 
of neoplastic, ischemic, and inflamma- 
tory disorders. Definition of the intrinsic 
molecular controls in angiogenic vessel 
growth promises novel therapeutic ap- 
proaches for anglogenesis-related dis- 
eases. CD148 (also named DEP-1/PTPti) 
is a receptor-like protein tyrosine phos- 
phatase that is abundantly expressed in 
vascular endothelial cells. To explore a 
role of CD1 48 in endothelial vessel forma- 
tion, we generated a monoclonal anti- 
body, Ab1 T against the ectodomain se- 
quence of CD148 and examined its effects 

Introduction 



on endothelial-cell growth and vessel for- 
mation. Here we report that a bivalent, but 
not a monovalent, form of the Ab1 anti- 
body inhibits endothelial-cell growth and 
blocks angiogenesis in mouse cornea in 
vivo. We further demonstrate that (1 ) biva- 
lent Ab1 arrests cell-cycle progression of 
CD148-transfected CHO ceils at Go/G, 
phase, (2) coexpression of catalyticatly 
inactive CD148 mutants attenuates the 
Abi-cell growth inhibition, and (3) biva- 
lent Ab1 suppresses phosphorylation of 
ERK1/2 kinases and Met tyrosine kinase 
as activated CD148 does, with an in- 



crease in CD148-associated tyrosine 
phosphatase activity. Taken- together, 
these findings demonstrate that Ab1- 
induced ectodomain oligomerization ar- 
rests endothelial-cell growth through cata- 
lytic activity of the CD148 cytoplasmic 
domain. The present study defines CD148 
as a valuable molecular target tor antian- 
giogenests therapy. (Blood. 2006;108: 
1234-1242) 



0 2006 by The American Society of Hematology 



Angiogenesis is a fundamental process in organogenesis and tissue 
regeneration. On ihe other hand, deregulated angiogenesis induced 
by pathologic stimuli contributes lo numerous diseases, including 
cancer, cardiovascular disease, arthritis, and diabetes. 1 Definition 
of the intrinsic molecular controls in angiogenic vessel growth prom- . 
ises better treatment strategies rorangiogcnesLs-ussociutcd diseases. 

Blood-vessel formation is lightly controlled through a balance 
between proangiogenic and anti angiogenic factors. 2 Studies in 
recent decades have indicated a critical role for endothelial receptor 
protein tyrosine kinases (RPTKs) and (heir activating ligands to 
promote and coordinate vessel formation. 3 These include receptors 
for vascular endothelial growth factor (VBGF), angiopoiciins. 
ephrins. fibroblast growth factor (FGF). and hepatocyie growth 
factor (HOP). In contrast, the role of receptor-like protein tyrosine 
phosphatases fRPTPs) in this process is largely unknown, although 
coupled and counterbalanced functions of RPTKs and KPTPs have 
been well defined in neural targeting and differentiation. 4 

CD148 (also named DEP-l/PTP-n,) is a type III RPTP that is 
composed of an extracellular region containing H hbmnectin type 
JU-like repeats, a membrane-spanning region, and a single intracel- 
lular phosphatase domain.* U is abundantly expressed in vascular 
endothelial cells. 6 - 7 hematopoieiic-cell lineages.* and duct epithelia 



of thyroid, mammary, and gastrointestinal tissues. 012 CD148 was 
initially shown to increase in abundance with high cell density in 
WI38 cells, prompting the name DEP-1 (density-enhanced phospha- 
tase- I). 5 The finding suggested a role for CD14S to convey 
density- mediated growth arrest signals. Subsequent studies further 
supported a role of. CD 148 in cell-growth control. First, CDM8 
expression is down-regulated in tumor cells or transformed cell 
lines, correlated with their malignant phenoiype. ,u - Second, 
overexpression of CD 1 48 suppresses tumor-cell growth in vitro 
and in vivo, concomitant with reduction in MAP kinase (ERKI/2) 
activity and PLCy\ phosphorylation. 10 "' 13 Third. Ptprj (CD14S) 
has been identified as a gene candidate for mouse colon-cancer 
susceptibility locus Sec 1, 14 and loss of heterozygosity (LOH) at 
PTPRJ locus was frequently found in human cancers. 14 Finally, we 
have shown that mutant mice lacking catalytic activity of CD148 
die at midgesiation due to vascularization failure accompanied by 
increased endothelial-cell proliferation and vessel growth.' 5 In 
aggregate, these findings indicate an important role for CD 148 in 
negative regulation of cell proliferation. 

Consistent with these findings, recent studies have demon- 
strated CD 1 48 inhibition of growth factor signaling. CD 148 
overexpression promotes site-selective dephosphorykuion of the 
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activated PDGF-bctn receptor, 1 *- 17 and suppresses PDGF-mediatcd 
BRK1/2 activation and inositol trisphosphaic (IP3) production. ,k 
CD148 dephosphorylates VEGF reccptor-2 on endothelial cell-cell , 
contacts. w Further, "substrate trapping" approaches have identified 
Mel tyrosine kinase, HGP receptor, as a relevant substrate for 
CD 148.-° The study also demonstrated site-selective dephosphory- 
lation of Met tyrosine kinase by CDI4S. 20 Funher. studies on T 
lymphocytes have shown that CO 148 suppresses PLC7I and 
FiRKi/2 activities induced byT-cell receptor activation, suggesting 
that CD14H may regulate signaling of several receptors by acting 
on downstream targets of the receptors. 2 ' Indeed, a more recent 
study has suggested direct interaction between CD 1 48 and ERK I (2 
kinases." Although these studies have identified the intracellular 
signaling pathways that CD 148 may control, die mechanisms 
regulating CD 148 activity remain undefined. 

ii is well known that RPTKs transduce signals by ligaiitl- 
itiiiiaied eclodomain oligomerization to promote iniermolecular, hi 
trans cytoplasmic domain tyrosine phosphorylation and subse- 
quent assembly of niuhicomponeni signaling.complexcs. 13 RPTPs 
are also anticipated to be regulated by ectodomain-bmding events* ''; 
however, strong evidence for such coupling has not yet been 
provided. Data addressing this mechanism have been obtained only 
for RPTPit and CD45. The crystal structure of the RPTP-f Dl 
domain revealed catalytic site occlusion by a helix-turn-helix 
segment of an opposing dyad partner.- 5 forced dimerization of 
RPTPa inhibited catalytic activity in intact cells. 20 Further, EGF- 
induced dimerization of EGFR-CD45 chimera suppressed CD45 
catalytic activity" 7 Mice mutant for the predicted inhibitory wedge 
in CD45 exhibited lymphoproliferaiive disorders consistent with 
increased activity of CD45. 28 These findings prompted a model of 
dimerizat ion-induced RPTP inhibition, which has been challenged 
by additional data. First, although RPTPa dimers have been 
detected after chemical cross-linking, differences in specific activi- 
ties of monomelic and dimeric forms of RPTPa have not been 
demonstrated. : -' Second, the residues that occlude the RPTPa 
active site are poorly conserved among other RPTPs. and the 
crystal structures of PTPu. and LAR catalytic domains failed to 
show structural support for dimcr-induced inhibition. 30 -' 1 These 
data argue that dimerization- induced inhibition is not a universal 
mechanism regulating RPTP activity. To dare, extracellular ligand 
interactions that have clearly demonstrated effects on phosphatase 
activity against specific tyrosine-phospharylated substrates have- 
not been identified in most RPTPs. 32 

To explore a potential role for CD 148 in endothelial vessel 
formation, we have generated a monoclonal antibody, Abl, against 
the eeiodomain sequences of human CDI4S. 5 We have shown that 
Abl antibody binds to CD148 on surfaces of endothelial cells with 
high affinity and specificity. 0 In die present study, we examined the 
biologic effects of monovalent (Fab fragment) and bivalent (intact) 
Abl on endothelial-cell growth and corneal angiogenic responses 
in vivo. Our data demonstrate that bivalent, but not monovalent. 
Abl inhibits endothelial-cell growth and angiogenesis. These 
findings suggest that CD148 activity is potentially regulated by 
eetodornain-mediated oligomeiizaiion and that CD148 is a molecu- 
lar target for antiangiogencsis therapy. 



Materials and methods 



Antibodies 



A mou>e kG 5 monoclonal antibody, Abl. was raised against eeiodomain 
sequences (aa 175-5MJ of human CDMX {DEP-U.*Thc Fab fragments of 



Abl anlitHKiy. Abl .Fab, were prepared by digesting 5 me Abl in 100 mM 
sodium accute/pH 5.5. 50 mM (..-cysteine, I mM EDTA with 10 u.g papain 
(Sigma. St Louis, MO) for 8 hours at 37°C and incubated with 75 mM 
iodnncciamide for 30 minutes at KT. followed by Protein- A scpharosc 
(Sigma) affinity chromatography 'io remove tree Fc domains. Fluorescein 
isothiocyanate (FiTO-conjugated Abi antibody was prepared as previ- 
ously described. 6 Anli-hcmagghiiintn (HA) epitope monoclonal antibody 
(clone I2CA5;. in either unconjugated or horseradish peroxidase (HRP)- 
conjugnted forms. w;ts from Roche Applied Science (Indianapolis, IN); 
unti-VE cadhcrin goat antibody was from Santa Cmz Biotechnology (Santa 
Cm*. CA); rhodamine-conjugated rabbit anti-goat IgG was from Jackson 
Immunorcsttirch Lab (Baltimore, MD). 

Expression plasmids 

The full-length cDNA of human CDMS (kindly provided by Nicholas 
Tonks) 5 was c-terminally tagged with 3x1! A sequences and subcloncd into 
the pSR« vector (pSRo CDI48/HA)/' The expression plasmid for a 
catalytieally inactive CD 1 48 mutant. pSR« CDI4SC-S/HA (CI239S). was 
constructed by oligonucleotide -specified overlap extension polymerase 
chain reaction (PCR). The cytoplasmic deletion mutant. pSR« CDl48ACyto 
(fcrintnnicd at natOSl ) \v;>s produced using a liindfll .site in the CD I -IS 
sequence. Plasmid constructions were confirmed by DNA sequencing. 

Cell culture and transfection 

Primary human renal microvascular endothelial cells (HRMECs) at the 
third passage were cultured as previously described/' CHO cells were 
cultured and transfected by cationic liposome (Lipofcclaminc Plus; 
GIBCO Life Technologies. Grand Island. NY 1 according 10 the manufactur- 
er's protocol.. 

Prolileration assay 

H KM EC proliferation! Figure I) was assayed by plating the cells in 1 2-weli 
plates at the density of 3 X UrVwdl = 4.0 cm' on day 0. with replacement 
of medium supplemented with either Abl (67 nM), Abl. Fab (67 nM), or 
faO! control (67 nM) every 2 days subsequently. Cell number was 
evaluated bv staining 2% gtutaraldehyde-lixcd cells with 0.5% crystal 
violet and measuring A310 of dye extracted by 1% SDS as previously 
described.- 3 For CHO-ccll proliferation experiments in Figure 2. cells 
grown in lOO-mm dishes were iransfcclcd with 4.0 p.g of the expression 
plasmids and reptated in 12- well plates at 16 hours (2.4 x I0 4 cells/well), 
and antibodies (67 nM) were added at 30 hours. Cell number was assayed at 
72 hours after transfceiion by crystal violet assay. Proliferation assays were 
also conducted with stably transfected CMO cells (Figures 4-5). The cells 
were plated in 1 2- well plates (2.0 :< 10" 5 cells/well) and synchronized by 
48-hour serum starvation. Cells were then preincubatcd with Abl , Abl .Fab. 
or control IgGl (67 nM) for 60 minutes, and growth medium supplemented 
with the indicated agents was replaced on day 0 and day 2. Cells were 
harvested for counting on day 2 and day 4. Cell number was evaluated by a 
crystal violet assay. 11 In both HRMEC and CHO proliferation assays. FBS 
in the medium was reduced to 7.5% (HRMEC) or 2.5% (CHO). The crystal 
violet assay was validated to correlate with cell numbers by independent 
counting in a hemocytometer. 

Immunopreclpitation and immunoblot analysis 

CD 148 protein level was assessed by lysis of the cells in SDS buffer (0.1 M 
Tris/pH 6.8. 2% SDS. 4% glycerol). SDvS-polyacrylamide gel separation, 
and immunobloiung using HRP-conjugated Abl or ami-HA anUbody as 
previously described. 6 Phosphorylation of Met kinase. □ receptor for HGF, 
was examined as below. HRMECs were plated in 100-rnm dishes at 30% 
confluence and serum depleted in DMESM/0. 1 % FBS for I S hours. The cells 
were preincubatcd with 67 nM Abl antibodies (monovalent or bivalent) for 
one hour at 37°C. and medium was replaced with DM EM containing 10 
ng/mL HGF t'R & D Systems, Minneapolis. MN) supplemented with Abl 
(67 nMl or Abl. Fab (67 nM). The cells were lysed in lysis buffer f 10 mM 
Tris/pH S.O. 150 mM NaCl. 10% glycerol. 1% NP-40. 2 mM sodium 
nri ho- vanadate, 5 mM EDTA. 5 mM NaF) containing protease inhibitor 
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cocktail (Roche Applied Science ) at indicated lime points, and clarified 
lysaic protein (tl)0 M-eJ W;| - *»hjectcd to immunoprceipilntion with 
anti-Mci polyclonal nniihudy l.Sanla Cruz Biotechnology). The immimopre- 
ci pirates were separated by SOS electrophoresis on 7.5% polyacrylamidc 
gels and transferred to PVDF membranes (Amereiiam Biosciences, Piscat- 
away. NJ), mid immunodetection was carried out using pliosphn- specific 
Met antibody (HI) Biosciences. Transduction. San Diego. CA) as previ- 
ously described. 70 The membrane was rehloued with anti-Met polyclonal 
antibody {Santa Cruz. Biu technology). Immunoblots of active ERK1/2 and 
Aki kinases were carried oui as follows. HRMECs and stably iransfccicd 
CHO cells were plated at 30^ continence, scrum depleted (HRMECs: 24 
hours: CHO: 72 hours), and preireated with AM (67 nM. monovalent or 
bivalent} tor 60 minutes. Then, the cells were incubated with DM EM 
containing 2.5% FBS and 67 nM AM tmonuvalenl or bivalent) and lyscd in 
die. buffer (50 DIM Tris-'pl I 6.8. 2% SDS, Hffi-'glycerol. 10 mM sodium 
pyrophosphate, 100 mM N;d : . i mM Na >VO. ; , protease inhibitor cocktail). 
For ERK1/2 immunoblotline. 20 proteins was subjecied to SOS 
electrophoresis on 12^.- polyacrylamidc gels and iinmunobloticd with 
phtispho-pcpikle-spccilic ERKI/2 antibody (New England Biolata, Bev- 
erly. MA). Total EKK \ !2 level was assessed by reblotling the membrane 
with anti-F.RKI/2 antibody (Upstate Biotechnology. Lake Placid. NY), l-or 
Aki immunodetection. 200 p.c protein subjecied to immunoprecipiia- 
lion with anti-Akt monoclonal antibody (Cell Signaling Technology. 
Beverly. MA), separated by SOS-PAGE, and immunuMoltcd using phosphn- 
peptide -specific Akt { phospbo-scf4 7 J I polyclonal antibody (Cell Signaling 
Technology). Ton:! Akt was assessed using ami-Akt polyclonal antibody 
(Cell Signaling Technology ). 

PTPase activity assay 

HRMECs were plated at 30% confluence, scrum depleted lor 24 hours, and 
prcircalcd with Ah S (67 nM. monovalent or bivalent) for 60 minutes. Then, 
(he cells were incubated with DM KM containing 2.5% PBS and 67 nM At? I 
f monovalent or bivalent) fur 15 minutes and lyscd in buffer (50 mM 
HEPES/pH-7.5. 150 mM NaCI. 5 mM EDTA, 1% Triton X-10U 1 mM 
DTT, 5 u.g/niL aprolinin, I p.g/ml leupeptin, I mM PMSFJ, and clarified 
protein lysatc (150 u-C) was subjected to immunoprecipiiaticn with 
affinity-purified CDI48 rabbit antibody 0 for 4 hours at 4 C C. The washed 
immuiioeomplcxes were incubated with 100 p.M synthetic phosphotyrosinc 
peptide (RRLIEDAKpYAAR) in Tris buffer (pH 7.5) containing 0.5 mg'mL 
BSA and 0.5 mM DTT for 15 minutes at 37'C. and released phosphates 
were calculated by the malachite green development according to the 
manufacturer's instruction i Upstate Biotechnology). 

Cell cycle analysis 

Stably iransfccicd CHO lines (CDUS-CHO) were prepared by cotransfec- 
linn with the plasmids pSRu CDI48/HA* and pZeoSV2 (Invilrogen. 
Carlsbad. CA) at a 10:1 ratio, followed by Zeocin (800 p-g/'mL; Invilrogen) 
selection. The CHO cell lines thnt express CDM8 at the level comparable 
with that in HRMECs were selected. The CHO cells (control-CHO) thai 
luck CDI48/HA were also selected and used as a control. The cells were 
plated at 1 X I0 5 cells/ 100-mm dish and synchronized by 72-hour serum 
depiction. Cells were then preincubatcd 0 » 0) with cither Abl or Abl.Fab 
(67 nM) for Ml minutes, and then medium was replaced with growth 
medium supplemented with cither Abl or Abl.Fab (67 nM). Cells were 
harvested at indicated lime points, fixed with cold 70% clhanol for 30 
minutes, washed with PBS. and incubated with 50 n.g/mL RNAusc (Roche 
Applied Science) for 30 minutes at 37°C. Pmpidiuni iodide was added (.25 
(jLjj/nil J and incubated for 30 minutes at RT in the dark. Cells were analyzed 
by How cytometry using a FACS Caliber (Becton Dickinson. San Jose, CA) 
instrument using an argon laser ni 531 nm with a 585-»m band pass filter. 
DNA analysis was conducted using ModFitLT V2.0 software (Verify 
Software House, Topsham. Mil). 

Immunohistochemistry 

Acetonc-lixcd cryostat .sections of mouse tissues were blocked, incubated 
with FITC- conjugated Abl. mounted, end analyzed by con focal micros- 



copy (Zeiss LSM4I0; Carl Zeiss. Heidelberg. Germany) as previously 
described. 6 Double immunolabeling for CD 148 and VE-cadhcrin was 
performed by sequential addition of goat anu~VE cadherin antibody and 
rhodaminc-eonjugated rabbit ami-goat fgG as described previously/' 

Mouse corneal angiogenesis assay 

Hydrnn pellets incorporating sucralfate with either vehicle alone. 90 ng 
basic PGP C3 pM/pellet; gift from Scios). or basic FGF in combination with 
control IgGj < ) I u,g), Abl ( 1 1 u.g), or Abl .Fab (3.8 ng. molar equivalent) in 
equivalent stoichiometric amounts (74 pM/pellei) were prepared as previ- 
ously described.'- 1 Pellets were surgically implanted into corneal stromal 
micropockeLs created I -mm medial to the lateral corneal limbus of 
C57BL/6 male mice (7-9 weeks old). At day 5. corneas were photographed 
at an incipient angle of 35 5 to 50" from the polar axis in the meridian 
containing the pellet, using a Zeiss slit lamp. Images were digitalizcd and 
processed by suhlraclivc color lilters (Adobe Photoshop; Adobe Systems. 
San io.se. CA); the fraction of the total corneal image that was vascularized 
and the ratio of pixels marking nonvascular capillaries, both within the 
vascularized region and within the total conical image, were calculated 
using Bioijnani software (Rioqimru. Nashville. TN). 



Results 

Bivalent Ab1 inhibits endothelial-cell growth 

A growing body of evidence demonstrates an important role of 
CPUS in negative regulation of cell growth. ia,l - ,3 - N In the present 
study, we asked first whether AbJ might affect endothelial-cell 
growth through its interaction with CD148 as either an antagonist 
or an agonist of CDI4S-mediated responses. Shown in Figure l A, 
Abl suppressed serum-siimulaied endothelial-cell growth, .effec- 
tively reducing proliferation to levels comparable with those seen 
in the absence of serum. Maximal growth inhibitory effects were 
observed at 67 nM (10 jxg/mL) and the IC 50 was at 3 to 5 nM 
(Figure IB). In contrast lo bivalent Abl , monovalent Abl (the Fab 
fragment of Abl antibody. Abl.Fab) was inactive at equivalent and 
higher concentrations (up to 335 nM). as was a bivalent class- 
matched mouse IgG, (Figure IB). Bivalent Abl did not induce 
apopiosis in endothelial cells, as scored by a TUNEL assay, 
anncxin V binding, or nuclear fragmentation (data not shown). 
Cell -growth inhibition by Abl was not restricted to HRMECs, but 
was also observed on other endothelial cell lines expressing 
CD 148. including HMEC-1 6 and EAhy926 (data not shown), and 
in vivo in mouse tissues, as shown in a corneal angiogenesis assay 
tor a corneal pocket model;. 

Expression of CD148 confers Abt-sensitive growth inhibition 
on CHO cells, and coexpression of inactive CD1 48 mutants 
abrogates the Ab1 activity 

To verify the specificity and the mechanism of Ab l -cell growth 
inhibition, we expressed wild-type and mutant forms of CD 1 48 in 
CHO cells, a line lacking endogenous CD148, and examined the 
effects of Abl on their cell growth. CHO populations transiently 
transacted with wild-type (WT) CD148/HA showed modest 
reduction in proliferation in growth medium (8%-14% reduction in 
cell numbers at 5 days) when the cells were plated at low cell 
density (20% confluence). In contrast, growth inhibition was 
markedly accentuated in the presence of bivalent Abl. while 
monovalent Abl and class-matched mouse lgG t were inactive 
(Figure 2A>. Moreover Abl was inactive as a growth suppressor 
for" the CHO cells expressing comparable levels of either a 
catalytic-ally inactive (C-S mutant) or a cytoplasmic domain- 
deleted (ACy)CDI4o7HA (Figure 2A). Independent biotin surface 
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Figure 1. Bivalent Ab1 remarkably inhibits prolifera- 
tion of HRMECs. (A) HRMECs were plated in a 
plale at tho density of 3 x 10 1 cells/4.0 cm 2 (cay 0). The 
medium was replaced over/ 2 days subsequently (ar- 
rows), supplemented with 67 nM (to fig'mLJ Abl, 
Abl .Fab. or mouse IgG 1 {isotype-matched control anti- 
body), and the celi number (means ~ SEM n ■-■ 6) was 
evaluated as described in "Ma serin's and methods.'' 
Bivalent Abl. but not monovalent Abl. Fab. markedly 
inhibited proliferation ot HRMECs. (B) Cell numbers at 
day 6 cultured in the growth medium supplemented with 
indicated concentrations ol agents were determined. 
Means J SEM of quadruplicate samples are shewn. Ceil 
numbers (O) cultured in serum-tree medium are also 
displayed. 
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labeling and anti-CD 148 cell-staining experiments revealed that 
Abl binding has negligible effects to reduce cell-surface. CD 1 48 
level over a period of up io 16 hours (data not shown). These 
results indicate that both CD 148 expression and intact catalytic 
activity are required to confer Ab I -sensitive Growth inhibition on 
CHO cells. 

These findings fuiiher suggest that Abl -induced ectodomain 
oligomerizaiion may increase CD J 48 activity and inhibit cell 
proliferation, as depicted in Figure 2 A. To test this model, we 
coexpressed catalytically inactive forms of CD 148 with wild-type 
CDI48/HA. anticipating that these mutant forms would function us 
dominant-negative antagonists. Shown in Figure 2B T transient 
coe.xpression of CD 148 mutants (C-S or AC} to) in stoichiometric 
excess of CDI4S/HA abrogated lite activity of bivalent Abl io 
inhibit cell growth (Figure IS). 

Bivalent Ab1 suppresses phosphorylation of ERK1/2 and Met 
kinases accompanied by an increase in CD148-associated 
PTP activity 

To determine whether Ab I increases CD 1 48-roediaied dephosphor- 
ylauon. activity, wc investigated t he effects of Abl on downstream 
targets of CD 1 48 signaling using HRMECs and CHO cells. Since 
CD 1 48 was shown to bind to and depbosphoryiate ERKl/2 
kinases,- we first investigated the activity of Abl to suppress 
ERKI/2 phosphorylation. Shown in Figure 3A. bivalent Abl 



suppressed the magnitude and duration of serum-stimulated ERIC 1/2 
activation in HRMECs and stable CHO cell lines, which express 
physiologic levels of CD 148. while serum-stimulated Akt activa- 
tion was not affected by bivalent Abl. Monovalent Abl was 
inactive in suppressing BRKl/2 phosphorylation. Second, we 
evaluated the effects of bivalent Abl to reduce the state of tyrosine 
phosphorylation of Met tyrosine kinase (HOP receptor), a recog- 
nized substrate of CD148, 20 in HRMECs that abundantly express 
Met kinase. Shown in Figure 3B, bivalent Abl treatment sup- 
pressed Met tyrosine phosphorylation over 30 minutes, while 
monovalent Ab j was inactive. These findings demonstrate that Abl 
binding to CD 148 dephosphorylates downstream targets of CD 148 
and inhibits cell proliferation as active CD148 does. 

Finally, we assessed whether CD14S-associated PTP activity 
was increased following exposure of the cells to bivalent Abl, by 
assaying immunoprecipitated CD 148 for pervanadate-sensitive 
phosphatase activity using a phospbotyrosine peptide as substrate. 
As shown in Figure 3C, the results exhibited a moderate increase 
■1~ 55%) in CDl48-associated PTP activity in the Abl -treated 
HRMECs. although Abl treatment did not alter CD 148 abundance 
in immunocomplexes (data not shown}- In aggregate, these find- 
ings indicate increased CD148 activity by Abl treatment. Although 
CD148-associaied PTP activity was consistently increased by 
exposure to bivalent Abl. the increase was not prominent when 
assayed in this manner. This is possibly because irnmunoprecipita- 
lion itself oligomcrizes and activates solubiltzed CD 148, or 
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Figure 2. Expression of calalylicalty active CD148 confers Abl-senslUvc growth Inhibition on CHO cells and the Abl activity Is abrogated by ™xp r «^on J>1 
221 CD148 mutants. (A) CHO ceils were transiently transited with CD', 48 expression plasmtfs (mock. WT. and C-S and aCyto orms) as ^^^^ 
C p a ted a. 16 hours and incubated Irom 30 hours atter transection in growth medium supplemented with either Abl. Abl .Fab or control IgG, ^^^^^ 
Anamination value, ( = SEW) of t2 independent samplings for each group at 3 days (72 hours) atter (ranslecfon. expressed as percent of centre, (the cells grown without 
S^Z^m^B* trans ected genos were evaluated by Ab l immuncM on 5.0 ,.g fysate protein (Insert,. (B) CHO cells wore cotranslectod will .2.5 WT plasnnd 
rnCbJation" 

proliferation and CD148 protein levels were examined as described in pane! A. The arrowhead (in insert) lnd;cates the ACy mutant. 
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Figure 3 Bivalent Abi suppresses phosphorylation ot ERK1/2 ond Met kinases with an increase in CDt48-associated PTP aclivily. t.A) HRMECs and the CHO cell line 
fCHO-COUB) which -s stab!v expressing CD148. were sorum starved Icr 24 hours and 72 hours, respectively; piciUeatod witti 67 oM Abi (bivalent) o. Abi .Foh (monovalent); 
and simulated with medurn supplemented with 2.6% FBS in the presence oJ Abi cr Abi. Fab (6? nM). The cod tysatos were subjected to inununcblots using 




in 'Materials and methods " Blots were slripoed and reprobed tor total Met Met). (C) HRMECs were plated on lC0-mm d.shes. serum staged, and ,ncubatod with either Abi or 
Abi Fab or control IgG, f67 nM) lor 15 minutes. The cells were lysed in butter and CD 149 was immunoprecipUatcd using affinity-purified CD148 raobn antibody or control rabb.t 
tgG.' The washed immunocemplexes were assayed for PTP activity with or without 1 rnM sodium orthovanadato (V04> as described in "Materials and methods. The data are 
presented ns means r SEM of quadruplicate determinations. 



alternatively, bivalent Ab I - created CD MS may 1101 completely be 
solubilized or recovered by the immunoprecipitation. 

Epitope mapping and peptide competition support 

As ii final test of whether Abi -cell growth inhibition resides in its 
capacity ro engage ectodomain sequences of CD 148. we mapped 
the epitope to which Abi binds within the 361 -amino acid 
immunogen (Figure 4). Peptides spanning the immunization se- 
quences were synthesized and displayed on nitrocellulose (Re- 
search Genetics. HuntsviHe. AL). Abi bound to the S-amino acid 
sequence QRSDTEVL with high avidity as depicted in Figure 4A. 
This peptide sequence competed effectively for Abi binding to the 
immunized protein in Biacore competition assays, where Abi 



displays an apparent K tl of 5.4 nM (Brgang Shi and T.O.D.. 
unpublished results, January 2001). Further a peptide containing 
the QSRDTEVL sequence effectively antagonized Abl-mediated 
cell-growth inhibition in a stable CHO cell line (Figure 4B). Shown 
in Retire 4C. the growth inhibitory effect of Abi on stably 
translecied CHO cells was also antagonized by preincubation of 
the cells with 3-fold and greater molar excesses of Abl.Fab- This 
tiriding shows that Abl.Fab has similar affinity for CD148 ex- 
pressed on CHO cells as bivalent antibody does, and is consistent 
with its effect to occupy surface epitope sites as a monomer and to 
antagonize the capacity for bivalent Abi to inhibit cell growth. 
Both findings are consistent with the conclusion thai Abi activity is 
dependent upon its interaction with the exposed surface epitope. 
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Figure 4. Determination of Abi epitope sequence and peptide competition study. (A) Abi immunobtot on a d.sptay of overlapping B amino acid synthetic peptides derived 
from tne CD148 ectodomain sequence used for immunization. Abt specifically reacted to the sequence QSRDTEVL. (B-C) Stabte CHO celt hne was plated. ^Md. 
and cultured in growth medium supplemented with either no addition (O) or with Abi (67 nM. «) in combination w.lh the indicated molar rat ,o S o pepnd a 
biotin-SGSG QSRDTEVL (synthesized by Chiron Technologies. Clayton. Australia) (B> or Abl.Fab (C). Cell numbers were assessed at day 2 and day 4 *sj™f** >" 
'Materials and methods." CeH numbers at day 4 are shown. Both pept.de and Ab 1 .Fab Actively antagonized growth mh.Wory octivtty of Abi at molar mim e*ceed>ng 3-fold 
that of Abi. The data in panels Band C are means - SEM of quari/upto.e determinations. 
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Figure 5. Bivalent Ab1 inhibits cell-cycle progression at Go/G: phase. (A) SlaWe ami control CHO ceil linos (CD148-CHO. controi-CHO) were prepared as described in 
"Materials and methods.'" Ceils '.vere plated, seram -depleted Tor 46 hours, ana protreaiec tcr 60 minutes with serum-free medium concoining Abi, Abi .Fab, and control IgG 1 (67 
nr-.4). Then, the medium was replaced to growth modium containing 67 nM of each agent {day 0). Cei; number was evaluated at days 1. 3. and 5. An upper panel displays 
anli'HA immunoblot on ceH lysates (25 jig protein) prepared from the CHO lines. (8) The CHOce'ls. C0148-CH0 andcontrol-CHO. were plated in 100-mm dishes (!'•» 10 s 
cei:'S''dish). synchronized by 72-hour serum depletion, and pretreated iot 6C minutes with serunvitee medium containing Abi or Abl.Fab (67 nM). and the medium was 
repfaced with growth medium supplemented with Abi or Abl.Fab (57 nM) (time 0 hours). Cell-cycle progression was analyzed by FACS as described tn "Materials and 
method s." The blue indicates S phase; red, Gc/G, and G^M phases. Bivalent Ab1 inhibits 5-phase entry In CD148-CHO cells, while Abi .Fab does not. 




Bivalent Ab1 inhibits S-phase entry 

To determine (lie point at which Abi inhibits cell pro) i feral ion. we 
evaluated the effects of Abi on cell-cycle progression using the 
CHO stable lines and fluorescence-activated ceil sorter (FACS) 
analysis. Figure 5 depicts a representative analysis of 5 indepen- 
dent stable CD 1 4S (CD 1 48-CHO) and control (control -CHO > CHO 
cransfecianis. Shown in Figure 5A, bivalent Abi inhibited prolifera- 
tion of the CDI48-CHO cells, while it was inactive upon control 
CHO cells lacking CDI4S expression. It is noteworthy that the 
growth profile of CDI4S-CHO cells was almost comparable .with 
that of eontrol-CHO cells in the absence of Abi. Figure 5B 
demonstrates a representative FACS analysis of cell-cycle progres- 
sion in those stable lines. Cell-cycle synchronization at Go/G, 
phase was achieved by serum withdrawal for 72 hours, followed by 
serum replacement in the presence of either Abi or Abl.Fab (67 
nM>. Shown in Figure 5B. bivalent Abi blocked Gj/S-phase 
transition in CD 1 48-CHO cells but not in conirol-CHO cells, while 
Abl.Fab was inactive. Notably, and like the primary endothelial- 
cell results, Abi did not cause apoptosis with nuclear fragmenta- 
tion. These results indicate that bivalent Abi blocks cell-cycle 
progression ai G.yGi phase. 

Bivalent Ab1 blocks angtogenesis in a corneal pocket model 

Finally, we explored whether locally administered bivalent Abi has 
antiungiogenic activity, using a well-defined in vivo angiogenesis 
system, the mouse cornea. Shown in Figure 6A t Abi immunoreac- 
tivity was detected by immunofluorescence microscopy on micro- 
vascular and arterial endothelial cells in various mouse tissues with 
a similar pattern observed in human tissues. 6 including kidney 
(Figure 6Ai). brain (Figure 6Aii), heart (Figure 6Aiii) and corneal 
angiogenic vessels induced by FGF (Figure 6Aiv). A double- 
immunolabeling study for CDI4S and VE-cadherin confirmed 



CD 1 48 distribution to endothelial cells, and high magnification 
v iews showed CD 1 48 accumulation at sites of endothelial cell-cell 
contacts where VE-cadherin localizes (Figure 6Av), correlating 
with the findings in cultured endothelial cells. 6 Further. Abi bound 
a 220-kDa protein in crude detergent extracts from mouse kidney 
as it did in cultured human endothelial cells/' The immunized 
CD 148 ectodomain protein (Ec) and the Abi epitope peptide (pep) 
abolished the Abi immunorcactivity to mouse kidney tissue 
lysates, while an irrelevant cytoplasmic domain protein (Cy) did 
not. These findings demonstrate Abi recognition of CD 148 on 
mouse endothelial cells. 

To determine the antiantnogenie activity of Abi tn vivo, we 
evaluated corneal angiogenic responses to implantation of inert 
pellets impregnated with basic FGF in combination with vehicle, 
control mouse IgG I . Abi , or Ab 1 .Fab. Shown in Figure 6B, locally 
administered bivalent, but not monovalent. Abi markedly attenu- 
ated the angiogenic response to FGF in the cornea (iv-v), where 
endothelial cells express CD 148 (Figure 6Aiv). The amiangiogenic 
effect was prominent, represented graphically by analysis of the 
corneal area vascularized, the density of vessels within the 
vascularized area, and the overall vascular density of lite corneal 
image as indicated (Figure 6C). Antiangiogenesis activity was also 
detected in similar assays where Abi was injected intraperitoneally 
(data not shown). 



Discussion 

Interaction of monoclonal antibody Abi with CD148 has defined 
both biologic responses and mechanistic information about the 
process through which CD148 regulates cellular events. Bivalent 
AM decreased proliferation in serum-stimulated endothelial cells 
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Figure 6 Ab1 labels CD148 on murine endothelium and Inhibit corneal ongiogeneale in mice. (Ai-v) Mouse cryoslai tissue sections were irnnvjnosiaroed with 
FlTC-conJuuaied Abl Abl labels nrteriai and capillnrv endothelium farrows) of various tissues, including kidney (i), cerebellar coney («). endocardium (,..), ana corneal 
angiogenic vessels {ivj following stimulation with a oasic FGF-impregnaled hyriron pellet (ppl). Highly magnified image of renal artery exhibits endothelial tohzotion ol 
CD 148 which overlaps VE-cadhei:n {arrowheads, v). Art indicates renal artery; glom. renal glomerulus; and peri, peritubular capillary. Images wore taken using a Zeiss LSM 
410 lasar-sconninq m.croscops (Carl Zeiss) with Zeiss lOx/0.3 numerical aperture (NA). 40>71 .3 NA. and 63 x/1.3 NA objective lensos, and with Image Browser 5 LSM ver3.2 
(Cail Zeiss). Figure panels were prepared with Adooe Phctoshop 7.0 (Adobe Systems). Original magniiicalions: 100* (i). 400* 00. *"00x (ii,), 400* <<v). and I200:< (v) (vO 
Mouse kidney tissue lysales (300 t ig) were subjected to immuncblotting using HRP-conjugeted Abl proabsorbed with C0146 rocomb.nant proteins (50 u.g) (CD14B«c 
indicates ectodemain; CD 1 48cy. cytoplasmic domain) or epitope peptide (1 0 |iQ j {pep). (B) Hydron pellets impregnated with (i) vohicfe ( PBS), (o) bFGF (3.0 pM). (in) bFGF j 
control mouse igG. (74 pM). (w-v) bFGF * Ab1 (74 pM), or (vi) bFGF - Abl Fab fragment (74 pM) were implanted and photographed at 5 days after Implantation. (C) The 
graph displays means SEM (n - 8. excluding igG: controls [n = 6]) for the fractional areas vascularized. the vascular density within that region, and the vessel density as a 
traction ol the total corneal image area, as indicated in ihe figure. 



and CDl48-expressing CHO cells. Bivalent Abl arrested cell-cycle 
progression at CVO, phase in CHO stable lines and inhibited 
angiogenic vessel growth in mouse cornea in vivo. Previous work 
has implicated CD US in negative regulation of cell proliferation. 
CD148 inhibits eel! proliferation in various types of cells when it is 
overe.xpressed. ,0,U5 - 3G Further, CD148 has been shown lo be 
increased and activated in cells as they become confluent, suggest- . 
ing its role to convey density-mediated growth arrest signals.-" 
These findings provide evidence that bivalent, but not monova- 
lent, Abl acts lo enhance CD14S's tyrosine phosphatase- 
mediated signals. 

This model is further supported by additional evidence. First, 
Abl inhibits cell-cycle progression at d/Ci phase at the cell-cycle 
point where p27 mediates cell-cycle arrest, consistent with previ- 
ous work demonstrating CD148-mediated p27 up-regu Union. 10 
Second, bivalent Abl prominently suppresses phosphorylation of 
Mci and ERK1/2 kinases, substrates of CD 1 48. as activated CD148 
does. 20 ' 22 In addition, a CD 148 immunocomplex FTP assay showed 
that Abl treatment increases CDI48-associaied PTP activity. 
Although CD14S was shown to reduce PLC7I phosphorylation 21 
when it is overexpressed. this activity was indistinguishable in 
response lo Abl exposure (data not shown). This finding suggests 
that Abl may not fully transduce CD 148 signals, explaining why 



serum starvation or reduction is required for Abl to completely 
arrest cell proliferation. Alternatively, very high levels of CD148 
expression may be required to suppress PLC7I phosphorylation. 
Identification of a natural iigand for CD 148 and further comparison 
of these agonists may be required to determine whether Abl fully 
mimics natural regulation of CD 148 activity. It is note worthy that 
the growth arrest imposed on the CHO-cell system by combined 
CD148 expression and Abl exposure persists for days in the 
presence of antibody, and is more effective when serum-starved 
cells are pre-exposed to Abl prior to replacement of serum, In 
addition, bivalent Abl exposure did not cause prominent down- 
regulation of cell-surface CD14S (data not shown). This liming 
effect suggests that Abl -mediated CDI48 activation provides a 
tonic, persistent, and dominant inhibitory effect upon cell- 
growth signals. 

Our observations suggest that ectodomain -induced oligomeri na- 
tion is a potential mechanism of CD14*S activation 10 evoke 
biologic responses. First, monovalent Abl. Fab is inactive in 
imposing growth arrest in cultured cell assays and is remarkably 
less angtostalic in FGF-induced corneal angiogenesis assays, while 
it retains high affinity for the defined recognition epitope and 
abrogates responses to bivalent Abl. Second, coiransfeciion of 
catalytic-ally inactivate forms of CD 148, either point mutant or 
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truncation proteins, abrogates the capacity (or bivalent Abl to 
inhibit prof iteration in cells expressing wild-type CD! 48. This 
antagonistic effect of these dominant-negative proteins also argues 
for a primary role'of CD US to inhibit cell growth. Indeed. CD 148 
gene knockdown increased cell proliferation in CHO-CDI48 cells 
(Figure SI, available on the Blood website; see the Supplemental 
Figures link at the top of the online article). This model is also 
supported by an additional experiment demonstrating thai EGF- 
induccd dimerization of the epidermal growth factor receptor 
(EGFRj/CDUS chimera inhibits 32D-cel) proliferation (Figure 
S2). Finally, supplemental data demonstrate potential CD 148 
oligomerization in confluent Cresting) endothelial cells (Figure S3). 

A model for receptor FTP inhibition by dimerization has been 
advanced by the studies of RPTPti and CD45. RTPs with 2 
catalytic domains. Access to rhe active site was occluded by a 
helix-turn-helix loop from adjacent partners within homodimerie 
dyad pairs of the RPTPa Dl -catalytic domain. 25 Consistent with 
RPTPa crystal structures, forced dimerization of disulphide- 
bonded eysteine-comainins mutant RPTPa inhibited its catalytic 
activity i;i iransfected cells. 25 ' Similarly, the catalytic function of 
CD45 was inhibited by dimerization forced by EGF binding to 
chimeric EGFR/CD45 fusion proteins. 27 On the other hand, more 
recent studies have shown that RPTPa constitutive!}' forms a dimer 
in the membrane, and its activity is defined by rotational coupling 
of Lhe RPJPu dimers.* 7 Although RPTPs with 2 catalytic domains 
have been well studied, very little is known about oligomerization 
of receptor PTPs that have a single catalytic domain, such as 
CD 1 4ft. Our findings demonstrate that activity of CD 1 48 is 
potentially regulated by ectodomain oligomerization. Consistent 
widi our results, a recent study has shown thai Sap- 1 RP1T, a 
member of CD 148 RPTP family, potentially forms diroers through 
its eclodofnains. 3 * It is noteworthy that ligation of CD 1 48 with a 
different CD 148 monoclonal antibody induced proliferation of 
antt-CD.Vacrivated T cells. 39 whereas transient trans feciion of 
intact CD US negatively regulates T-ce!) activation.^ 1 This suggests 
thai CD 1 48 ectodomain antibodies may act as inhibitors or 
activators, and that antibody-mediated rotational constraints may 
positively or negatively regulate CD 1 48 activity. Also, it is possible 
that serum depletion may cause structural changes of CD 1 48 and 
increase accessibility of Abl to CDI4S. resulting in prominent 
growth inhibition. Further investigation is required to determine 
the mechanism of Abl -mediated CD 1 48 activation. 

As a rigorous test of whether Abl growth inhibition resides in 
its capacity to react to ectodomain sequences of CD 148, we 
determined the epitope to which Abl binds. Recently, 5 polymor- 
phisms have been identified in extracellular sequences of human 
PTPRJ (CD 148). resulting in amino-acid changes. 1 * Further, it has 



been shown that PTPRJ genotypes homozygous for the Gln276Pro 
and Arg326Gln. and the Asp872Glu allele, arc more frequent in 
thyroid carcinoma patients than in healthy individuals: 11 Of 
interest, the Abl epitope includes this Gln276. suggesting the 
importance of this region in CD 148 function. It is noteworthy that 
while the predicted mouse sequence from this position diverges 
within this octomer peptide (DPSI-TEIL mu vs QSRDTEVL hu)* 2 
the human sequence-derived peptide antagonizes Abl recognition 
of the murine 220-kDa CD 148 derived from kidney tissue on 
immunoblots. This finding suggests that alternatively spliced forms 
distinct from published cDNA sequences may be expressed on 
mouse endothelium. 

Finally, we tested whether Abl blocks angiogenic vessel growth 
in vivo. Shown in Figure 6, the Abl effectively inhibited angio- 
genic vessel growth in mouse cornea. The high level of expression 
of CD148 in endothelial cells at a wide range of microvascular sites 
and its accumulation at points .of interendolhelial contact suggest it 
may function as an angiosiatic regulator of endothelial prolifera- 
tion, particularly if cell-cell interactions promote iLs oligomeriza- 
tion. It is noteworthy thai bivalent Abl has no activity to disrupt 
contact inhibition in endothelial cells (data not shown). In this 
context. Abl may act as an amiangiogenesis agent to inhibit 
angiogenesis without side effects on endothelial permeability. 
Further evaluation of whether systemic injection of Abl effectively 
inhibits pathologic angiogenesis, such as tumor angiogenesis, 
without side effects, is required to support use of Ab l in antiangio- 
gem'e therapy. 

fn conclusion, we demonstrate for the first lime that catalytic 
activity associated with the CD 1 48 cytoplasmic domain is in- 
creased by bivalent antibody against the ectodomain sequence, 
with effects demonstrable on specific substrates. The findings 
demonstrate that ectodomain oligomerization is a potential regula- 
tory mechanism of CD 1 4$ activity. Finally, the present study 
implicates CD 148 as a molecular targei for amiangiogenesis 
therapy. Efforts to define natural ligands of CD1 48 or to generate 
synthetic agonists lhat oligomerize and activate CD 148 offer a 
novel strategy for amiangiogenesis therapy. 
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